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i
ANDORBITERCONTROLEFFECTIVENESSDURING
ORBITER/EXTERNALTANKABORTSEPARATION
By
W. P. Garton
RockwellInternationalAerospace
ABSTRACT
This reportpresentsresultsfrom tests in the NASA/MSFCTrisonic
Wind Tunnel on O.O04-ScaleOrbiterand ExternalTank Force Modelsin Close
Proximity(RTLSAbort SeparationConditions).
The primarytest objectiveswere to obtaindata concerningproximity
effectson the aerodynamicforcesandmomentsexperiencedby Vehicle2A
ConfigurationShuttleOrbiterand ExternalTank duringan abort separation
(Returnto LaunchSite) at a Mach numberof 5. Additionally,data on
orbitercontroleffectivenessduringsuch an abort was obtained. Proxim-
ity effectswere investigatedfor relativeanglesof incidencefrom minus
5 deg to plus lO degreesof the orb;terFRL with respectto the external
tank centerlineover a range of vertical(_ - axis) and longitudinal
(X - axis) displacementsfrom the mated positionto 2.5 tank diameters
below and 3 tank diametersaft of the mated position.
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Cp CP I)r_,r(;ur,,( o,,t'i.'i(,,i,;nt;(D]," Pm)/q
M MACH Mu,-hi_umber:V/_,
p pre,;,'u_-:N/mL, pnf
P_NIL RNIL unit Reynolds number; per m, per ft
V velocity; m/Bee, ft/asc
(_ ALPHA ungle of attack, ds_ee_
BETA angle of sideslip, de_ees
PSI angle of y_,w,degrees
¢ PHI _ngle of roll, degrees
p mass density; kg/m3, slugs/ft3
Reference & C.G. Definition_s
Ab base _,res_m2, ft_
b _ wing sp_n or reference span; m, ft
e.g. center of _svity
_R_ I_R_ referenc_ length or wing mean
aerodynamic ehor_; m_ ft
S SREF wing sre_ or _eference area; m2, ft2
_RP moment r_ference point
X_RP moment reference point o_ X axis
_}4RP moment reference point on Y exi_
:, _V_p mc_ent reference point on Z axis
SUBSCRIPTS
b base
i loeB1
,,_ _t_tic conditions
t total conditions
free :_trenm
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SYMBOL SYMBOt. I)I;FINI I].UN
CAI_() CABO orh'it(,r ha_,eaxiai for(:(, (.tmll'i_ il,vll.
CAHI CABT externdl tank. ba,,e axial i-orc(! cut,fflq::ient,
CARS CABS SRMbase axial forc_ cooffici_nt.
^,, DELTAA incremental change in angle of attack, alpha,
degrees.
Ai_ DELTAB incremental chailge in sideslip angle, beta,
degrees.
AX DELTAX axial separation distance frommated position.
AY DELTAY horizontal separation distance from mated position.
^Z DELTAZ vertical separation distance frommated position.
^CAr DLTCAF incremental forebody axial force coefficient.
^Cm DLTCLM incremental pitching momentcoefficient.
ACN DLTCN incremental normal force coefficient.
_a AILRON aileron, total aileron deflection angle, degrees,
(left aileron-right aileron)/2.
_e ELEVON elevon,surfacedeflectionangle,positive
deflection,trailingedge down; degrees.
ar RUDDER ruuJer,surfacedeflectionangle, positive
deflection,trailingedge to the left; degrees.
aRF RUDFLR rudderflare,split rudderdeflectionangle, left
split ruddertrailingedge left and right split
rudder trailingedge right,_RF (_RL_ _RR)/2
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lhq, (Iplmil.F.l' ilfld Ixl.('rlhll l,_i_ mq,h_l _lq'q)lII4'li"¢(().(I(14-',I ._I_') I', '.l,lwt_
In fiqlil'f", ',:'_'llld ;i, lh(, (h'l_il_,1' IiHi_h'l W,I', AI)II',II'II( II,_l ll',ill'l ,IIIIIIIIIIIII11 llll'
(,h(' wlh'l ,IFlfl ',l:all1'IP!,'i 'i|.(ff'l I'()I' l. ll_' I,,Iv, t'l('w_h',, I If0', ,;t_l _'_Jlhh'r I I,LI'(".
('.lil11_.l'l_]_,l_II'lii(_(' _l_'tli_.(_.tII|IIF, ,It'F' _I_I,Ii111'_I Ipy IIII',III', III lh'l,,It:lhil11(' '.ll|'l,|fl",
"e , ' 'I(I",-.?f_.", _3()", 4()" (e,ewm)
'"r ,' ()", -'I()", -2()" (rudch,r)
"'RI. ()", I(I", 4(r' (rudder (lar_,)
lhe [.ix_, rnal rank model is constructed el" sLainless steel in acL(n'..
dan(:e wil.h NASA MSFCdrawings _(1M426(l!) and 80M32592. When the model'_
were indepen(h_n1:ly sting-mounted o'_ the, IWI l)ual Sl.ing hardware, MSF(_
balance _lumb_:r 231 was mounted internally in the Urbit, r '._i_.h M' "!-; l,_I-
av_ce number 232 mounted internally in the F_xte_'n,_l r,_,,k.
Standoffs weee provided for attach,lent uf the Orbitc.r *:' "h' External
rank in ._he mated position such that. data could he _.'Ken, ",.'.. _ng bal-
ance number 232, with a single stinu throu,-jl_ t'.r ..._rna! ,.ink supporting
the combination.
While the orbiter model configurafirn is designated 0-13, the various
components have their own series identifications as follows:
Component_ N_umb_er
Body Bl0
Canopy C5
Manipulator Housing D7
Elevon El8
Body Flap F4
OMS Pod M3
Rudder R5
Vertical V5
Wing W87
The external tank, T9, is not broken into subassemblies. The dimen-
sional data and descriptions of Lhese C.Ollll)Ollf-_.lltS,as well as of the ex-
ternal tank, Tg, ,_l}Pear in T_b'le II.
P,
TEST COND]IIONS
The test utilized the TWT Parallel Stagin(I Sy'.t_ml (du,ll T,t ing) model
support hardware. Details of the! construction and use of this test hard-
ware are given in reference 2. Figurt_ 4 indicate_ the mdnner in which
the models were mounted on the dual stings for inwstiqating the ,ffocts
of vertical and longitudinal separation. Mounting the orbit(,r model in-
verted on the lower sting permits the investigation of those combinations
of relative incidence and orbiter' angle of attack of greatest interest.
Tank only or mated configuration data were obtained using the MSFCDouble
Knuckle Sting #3 and Balance Adapter #3.
Relative pitch attitudes of the models in the tunnel were checked by
inclinometer, using the dorsal surface of the orbiter, which is parallel
to the fuselage reference line (FRL), and the constant-diameter section
of the external tank. The roll attitude of the orbiter was verified to
be zero following each change in lower sting length.
The pattern of relative separations (vertical and longitudinal) and
relative incidence angles investigated is shown in figure 5.
The maximum tunnel blockage for this test occurred at 30 degrees
angle of attack with the models in the mated configuration. The model
cross-sectional area was approximately 6 square inches, such that the tun-
nel blockage, at M = 4.96, was some 4 percent.
No grit was applied to either model.
Base pressure measurements were recorded for both models. A measure-
ment of cavity pressure was also made for the orbiter model. The two base
pressure tubes on each of the models were "teed" together to provide an
average base pressure reading. The orbiter and external tank base and
cavity areas, together with the desired pressure tube locations, are shown
in figures 6 and 7.
The nominal tunnel conditions prevailing during the test are given
in Table III.
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I 11(I1l,, T I_'ACTi,T F_" I)I,',;IPI_] I'l'IO]_
Th,, '1..rnh,,'l] I:p.b(,{! F]ll_lJt (_,,llt,,,r :1))" :.: 1)1" 'l'r]::nlll,' Wi),_t 'l.hlllll_,] i:: ',I, i)ll,(.r,-
llli _,[,Ullt b:l (')',.1,tO.Ill tHnne] ,,./h:l.vll oT),-,r:_l,,,l; I,:1 Ii]r;h p)',,:',:'ur-,,, ',i r t'] o_.:1),1. I'rolii
_'l:,Or'_l_,' I;o _,.[1,h,,1 ° V,'IOLILIm or llt_]llO[3phl_l't.l? COTIdif, iOlhg. A l,_:,l'}l IlUml)_,r r,'ll i'f,
Z
from ." to 5._'> ].s cover(._d by uti]i:'kn#; two :Lnte_Pch:mge:lb]e l_ent :w,(:tio_,',:.
Th' tr',nconic ,';uetion permits tenting nt M,Ich 0.:IO throu_<h ' SO, :,nd the
::upersonic section permits testing nt Mnch P.7)I throuk_h 5..P,5. Mach numbers
between .2 and .:9 nre obtained by using _l controllable diffuser. The fungi,
from .?5 to 1.3 is _Jchieved through the use of plenum suction and perforated
_"_G]_. M:,ch number:; of 1.11_) 1.93 and P.50 [,re produced by interchange ble
_;,'t:;o1' ['[x_'dcontour no:'",le blocks. Above Mach 2..50 :) set of fixed contour
nozzle blocks are tilted and trannl:ited :,utomatic_llly to produ('e :my d(mire'J
M:ic]1)uunl,,,rin .P5 incr('ment'_.
Air i:: r;upplied to n (_000 cubic foot ntornge t_mk ut npproxil,mtel,y -_O°F i,,,
point 'rod 500 psi. The colnpr_mnor is n three-stage reclproc_)tin(_ unit :]ri,.',
by ,) i_OO hp motor.
The tunnel flow is established and controlled with :i serve netunted _u,%e
valve. The controlled nit flows through the wllve diffus(,r into %1),,ntill:[);-
(.h:,111bc,r :J11,]h<,/it_,xch:,nl:_,:rwhere tilt':lit 5_'mpernture c_,n be control].,.:,][')'ore
_H;i,'i! _'o,,t;: t l]s the' no:::'h, I,locl..:_ :rod 5,,',;t, v_'l:ion.
t,lv,l, l,r'ovid,','_ :, toL:,l :llll'l(' 01' :'tg:,('l: r:,nl',' ()1' ,_ (_]!,"). ,,Lint. ol'l'::,.t:; :)r,
, (0
',v:,,[,].:_blu for obt:,inJ.nl,, v',)'iouP m:_xlmum ',lu:.l,_,_; ,-)_' ,,LI-,,,(_I,, ul) to 3D •
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DATA REDUCTION
Model referencedimensionsused in data reductionare given in table
I. It will be noted that three moment referencepoints (MRP)are speci-
' fied: One each for the orbiterand externaltank when supportedseparately,
and the nominalmated vehicleMRP (orbiternose projectionon externaltank
centerline)when the combinationis supportedon a singlesting.
All forcesand momentswere resolvedin the body axis systemand were
resolvedin the body axis systemand were correctedfor weight tares and
sting deflections.
The raw data obtainedduring runs with the StagingAssembly(dual
sting) hardwarewere correctedfor changesin model relativepositionsin-
duced by the aerodynamicloads. These correctionswere accomplished
throughuse of the doubleinterpolationprogramdescribedin reference3.
Duringstagingtestingthe individualmodel base axial force coef-
ficientswere determinedin the followingmanner:
CABo = (Pbo+ Pco - P_) (Abo____),Orbiterbase axial force
2 qSref coefficient
CABT = (PbE.-P_] AbE, externaltank base axial force coefficient
qSref
For mated testingthe followingequationswere utilized:
CNu = FN , normalforce coefficientuncorrectedfor orbiter
qSref base drag
CN : CNU - CNBo, normal force coefficientcorrectedfor orbiter
ba_e drag
CAF = CAT - CABo - CABE, forebodyaxial force coefficient
CY = Fy , side force coefficient
qSref
CLMu = My ., pitchingmoment coefficientuncorrectedfor
qSreflref orbiterbase drag
CLM = CLMU + CNBo X2 - CAB Z1 , pitchingmomentcoefficient
Iref Iref correctedfor orbiterbase
drag
II
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DATA REDUCTION(Concluded)
CYN = MZ , yawingmoment coefficient
qSrefbref
CBL = Mx , rollingmoment coefficient
qSrefbref
CNBo = - CPBo Abe sin ib, normalforce componentof orbiter
Sref base drag
CABo = - CPBo Abe cos ib, axial force componentof orbiter
Sref base drag
CABE = - CPBE AbE , tank base axial force coefficient
Sref
where: CPBo = Pbo - P ® , orbiterbase pressurecoefficient
q
CPBE = PbE - P _, tank base pressurecoefficient
q
ib = 12°, orbiterbase slantangle (average)
X2 = 5.231 inches,axial momentarm for orbiterbase
drag
Zl = 1.383 inches,verticalmoment arm for orbiter
base drag
12
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PA I'D'C'!I XJ"I._, C)PI-_I'rl.;I.', ,'v,,,,.,, ,,_...... ..,-,I, 'l'Rtl K
Full ',,,cat,:, Mo(]7,i ",,,,I,, Full :-:roll,, ;,1,),1_ 1 :;_',_l,,
Reference Area
(Sre f) 2690 ft 2 6.198 in 2 2690 ft 2 6.198 in 2
Reference Length 1328.3 in 5.3].3 in 1328.3 in 5.313 in
(iref)
Reference Span
(bre f) 1328.3 in 5.313 in 1328.3 in 5.313 in
Moment Reference
Center (MRP) ,
from nose :
Orbiter Alone 867.7 in 3.507 in
(66% ire fcn FRL)
External Tank 929.0 in 3.716 in
Alone (50% tank ic %gth, on _)
Mated Vehicle 635 in 2.540 in
(orbiter nos projection
on tank _)
Base Area (Ab) _27.8 ft 2 0.9a57 in 2 572.55 ft 2 1.319 in 2
\ Cavity Aren (Ac) [37.5 ft 2 0.3167 in 2
14
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TABLL!]I
TCgT CONDITIOH_
MACH f(EYNOLDg DYNAMIC q IA('iNA I_ION "; [AGNAI I1_)N
YUMNER N U MI:} £ rt P Rt_UR £ r[ MP[:HATLJRI-. I'Hl_f-;{J_II.
(per g.lt IIInQth ) (pogndli/llq, lily, h) (Itll_l.llll [_lnltllh.l! ) ( p_tln(tll/llq l.(,'t_)
' 4.q(_ 4.H x I.()(;/FL :}.(17 14() ,_(l
........... i .i Ill I i =II i I i i _: . j.__.
I l=It. Ill i I = i --
i ,Jl i I ., i
...... i i I i i
, i i
BALANCE UTILIZED: MSFC231 i i i
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF 122 Zbs. +0.61 ibs. +0.032
$F 52 ibs. _+0.26 Ibs. _+0.014
22 ibs. +0.10 ibs. +0.o05
AF ........ -
122 in.-Ibs. +0.61 in.-ibs.+O.O06
PM -- _ .....
30 in.-Ibs. +0.15 in.-Ibs.+O.O01
RM - -
53 in.-ibs. +0.27 in.-ibs.+O.O03
YM .... .._ _
COMMENTS: Accuracy based on +0.5% of balance capacity.
MSPC. Form lllll.l (RICo AlilII 1tii)
2O
O0000001-TSB12
]ABLE Ill (Cerlclud_,d)
TE5 T',MI_,PC"' '].'WT 571 -_5_.____'_73
,-rl
TEST CONDITIONq
_AACH R[YNOLOC, F_YNAMIC filAGNAIIC)N ,:irAtioNAlION
NUMI_ER NUMBER P NF-,SSLIHE T EMPI- I(A I'I.II_f I-'RI: q!;ll H I
(pllr g.II IIIttth) (pOl,mdll/llq,lne.h) (lllltrlltllll'rlllfllnh_lt) ( t,,lutl,ll_/llq in(,lb)
i i i i i J, .i
u
H r i i i
i i [ i IH ii iH ,
i ill ii i ._---
........... i i i H , ill
i .H i ill i i
.. i i
ii
IH |l
i
i
BALANCEUTILIZED: MSFC 232
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF 300 IbB. +1.50 ibs. +0.079
143 ibs, +0,72 ibs, +0,038
SF - . -
AF 50 ibs, +0,25_ ibs, _+0'013
PM 400 in.-ibs. +2.00 in,-ibs, +0,020ii i i i _ ,.. f "" , i i,i,
RM i00 in,-ibs, +0,50..in,-ibs, +0,005
YM 192 in,-Ibs. +0,96 in.-ibs, +0,009ii i _
COMMENTS:Accuracy based on + 0,5% of balance capacity.
I ii
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i _hoo.t. ] c:,l 10
" 1 I I"TAI3LE IV, MODELCOMPONENTDIMF__Ic,,ON:,
I
I,£1DELCOffPQIIEtlT, 31o _,,
, '_" ............................................ J ......
Per l-took,_,,l] l.i:,,,r, VL?q-(.,,ic,i.i ",',
' .VLTO.o(X_),_,) "i_"
L _ '"*' _ _ W)II, ) II ' qil II II
DIMEI(SIO!(S: FULtor'',_'E MOI)Et"r,:',!
Length --- in. 132_.3 5.31'_
Max.Width..-in. (:', Xo = 152R.3) _2A .0 _.O(,O
Max. Depth-.- in (:,X_ _, 1/,80.52) 2/,_.0 0.99._
• n in
FinenessRatio 5.012 5.o12
z - m in nl | I ,, ,
Area yt2
• Magi.Cro_s-iectional J+56.A 1.826
Planfor,_
i
-- I'Jj n n
I Wetted
in i ii
Base , . -..
_ - ,uJ
o
• •
• I
o'
!
22
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TABLE IV. Sheet 2 of I0
(Continued)
%
oi
1 MODELCOHPOI(ENT: _ ]anop',- ,",5.....
t
.. GENERALDESCRIPTION: 2A Co'_r!_,,r_,.!_.-.P_, T._._
VL7C-O_.OO92.
Scale _:ode! = O.OOL
.e
DRAWING'" '""
_ . ,,., =£R: , VL701000002
DIM[NSIO:(S: FULL-SCA.LE MODELSCALE
Length (STA _ Bulkhead) _ 39].0 ,,1.56;;
Max. Width (T.E. Bulkhead ) _ 560.0 ._2.2/_0
Max. Depth _'#PZ = _21.922 to Z = 500),
Fineness Ratio
Area
• Ma_. Cross-Sectional
• n ..
Planform
in i
Wetted
II i
8_.5e ......
e
'e
23
TABLE IV Sheet 13of i0
(Continued }-
MODELCOHPO_ENT: Manioulator :'_w_,£nK 3-7
. GENERALDESCRIPTION: 2A Confir,_,ationPer NR I_s VL70.000092
i
I I
#
Scale I,Io!el = 0.001,
i i i i i
DRAWlrig_:..=_o. V_70.000093i /1_,/i hd_l%,
DIMENSIO;_S: FULL-SCALE MODELSCALE
Length -, in. 891.00 3.522,
Max. Width--in. . 51.,(_, 0.2oi
Max. Depth.-in. 23.00 0.092
Fineness Ratio
Area
Ma_. Cross-Sectional i
Planform
Wetted
.. Base .. _
.... i |1 i
Fuselage BP = .0.00
WP = 500.0 D:FS
X.&26.0 to 1307.0 INFS
: • |
24
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TABLE IV Sheet 4 of i0
, (Con*inued)
4
MODELCOMPONENT; ElevonE-18
GENERALDESCRIPTION: 2A Co...im:._t.on_erW__
Roc_,mll Lir.e_VL_O-OOCOO_| i
Data for (I) of (2) Sides
SCAle "^_ =
_"..... 0.00L
DRAWING NU;4BER: VLTO-O00003
DIMENSIONS: FUL.L-SCALE MODELSC_.LE
Area,,.FT2 _ 2o5.52 0.oo3
Span (equivalent),_in. _ . .l.Z,]'_.
Inb'dequivalentchord _nA.?._ 0.i,57
Outb'dequivalentchord 55.00 0,;..20
Ratiozovabiesurfacedhord/
totalsurfacechord
At Inb'd equiv, chord ., .20_ .208
At Outb'd equiv, chord ,. .&O0 ._00
SweepBack Angles, degrees
Leading Edge ._.0.__._ . 0.00
TalllngEdge .-ZO:2L _-IO._A
Hingeltne . 0.00 . 0.0o
Area Moment(Normalto hingeline)_FT3 .1,_Lg.O? O,pOOI
l_oduct of Azea Moment
25
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,., (Continued)
02
; K)DELCO:'PQNENT: _7_ _d7 F! _._
• . GENERALDESCRIPTION: 2A Confi,-,,.-aSLcn For )._R_n,;';
i i _
__ VLTO .OCOOc!.A
• , i , • ,
I
Scale ?4cde!= O.O9&
, VL?O=_O0DRAWING,,..'"'u"_-_..:.,., 9LA
--' II i i i •
DIMENSIO:IS: FiLL-SCALE MODELSC;,LE
Length " _8&.?o o.339
Max. Width _265.00 _ .I.060
.. __
Max. Depth _. ........
Fineness Ratio
Area -_ F%2
• Ma_. Cross-Sectional
" Planform _2.6_ O.571t__ ml ii i
Wetted
. i _ i _ ... _ Jl i ii
• _ase,,,,_2 _ O.O00,A. • L- ' -
""t • • , • ., •
• o o
t ,
'e
4
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' -, TABLEIV (Continued)
t
: MODELCOMPOPIENT: _s POD- u._ .
ul m ,, l I • • "' J : --
: GENERALDESCRIPTIOPI:2A M_ht Weight Conf!mlration Per t_R Lines| n , nn I _, • ±
VL70-OOOOqLA
i • - n I u |n
, i, , , | ,, ,, j
Scale Yodel = O,OOL
n n n •, n n, •
ORAWI _tG ,,_,_I))"_,,.,,"_'. VLTO_OOoogL A
= , , i i I |in i
I)IM£_(SIO,%: FULL-SCALE MODELSCALE
i
Length ,_/,c,.o .1.38_
Max.Width Xo = iAgO.O 108.o 0._32|1 in n _ , ,m
Max. Depth Xo = 1500.0 113.0 0..},52 .,
Fineness Ratio
L _ I
Area
Ma_, Cross-Sectional I I II _ , n , lw
P]anform .
Wetted ....
• _ase ........
, . .. ..r .
• _ • ., _ • . O'O
OF @IS POD
WP = 463.9DIFS : W? LO0 + 63,9= 46),9
BP = 80.0 INFS
Length 121A.O _o 1560.0 = }&6.0 INFS%
o°
27
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TABLE IV (Continued) Shoot 7 of 10
MODEL COMPONENT: R_-Rudd?r.............
GENERAL DESCRIPTION: 2A _on.e_,_r,_tL_mP,;rR_)o'.<v:_.l]I,in,_V_O-OO,X;qG
Scale t,To,iei= O.OOL_
DRAWIriGrJU_BER: VL?O-O00O95
DIMENSIOIIS: FULL-SCALE MODEL SC/_LE
Area_.. FT2 I06.38. 0.0017
Span (equivalent)_-Ln. •201.O _. O.RO:.
Inb'd equivalentchord 91.5R5 0._66
Outb'd equivalentchord 50._3._ 0._0} .
Ratiomovable surfacechord/
total surfacech()rd
At In'b'dequiv, chord 0./_0o 0./4oc
At Outb'd equiv, chord O.t_.oo o.Aoo
Sweep Back Angles,degrees
Leadi ng Edge 31_.83 _3./,. 83.
Tailing Edge 26.25 26.25
Htngeline 3_.83, . 3/,.83 .
Area Moment (Normal to hinge line)_-_'T3 _26..!3 0.00_O._
Product.of area and mean choz,d
%
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IAIII_E IV (Continued)
MODELCO,,.PO,IE,,I. VERTICtJ. V', (T,] "'* ",'It. C.rbltF.r Cr,nf'ir,'.r:_tL":_
GENERALPFSCRIPTION. !:..;_.,_r_,:,L_jL_,.. ! ....i 'r._il nn.:.__,.. '.;_,-_
•"" " J J ]L _
II ' _t ,_'I '_' _ -(--,DRA,,,I hG ,,[I,,i,r R: VL O'O,_xJ'._',
[.)IMEN_I(",:,:_: , FULL-SCAI,F. Y_)I)IIL%(iA.l[
u i _ z_ ,..-.
TOTAL DATA
Area (Theo) Ft2 _ _13.25 . o.oov
PIanform
Span (Ti_eo) In ,31_.72 _.." .
Aspec_ Ratio " ].6,v.. L ,,
Rate of Taper" O._'_'l 'd..',,','
Taper Ratio .I,0:, .,:C:,.
Sweep Back Angles,degrees
Leading Ed,Te &5.0oo ,'._•000
Trailing Edge 26._ ....,..',
0.25 Elemeni_ Line &I.15U,. _.!.1.uChords:
Root (Theo) ',._P 26_.5o 1.07!,
Tip (Theo) WP ]O;_.L',' O.L-.
MAC 19_._[ u.v..;
Fus, Sta. of ,25 MAC i;/,_._,_ 5.._.-,.
W. P. of .25 MAC 63'_.5"_.-_ ;,.:.;.L
B. L. of .25 MAC O.oO -O.uu
Airfoil Sec_ion .....
Leading Wedge Angle Dog _ IO.CX_O _lO.Oen
Trailing WedgeAngle Deg IA.92u l:.._.,,.J
Leading Edge Radius_-Ln. - 2.00 "" Ll.u_.,,'
Void Area ,'_ . _= ."_,' 13.17 ,O.L,L;,.'
Blanketed Area-_Ft 2 12.67 u.u,_,:,!
29
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TABLE IV (Contlnue,l) :_h,,,--.t':),,l _,
C(;,,,,O,IE,IT: '_II;_G-',.i;>'_ :Tow[.irh'.,(_i.,-htPrh!f,,,r
GENEfU_LDESCRIPTI(,_.-_ Lt....-o_.l_il-,11,:e,-_li,-,r'-:_,r,-
Vi,70.-OOOO'r: at M- 7g.',..;'_ ,,',,:,,,h l_nr r_r,." ,!,.I i. '., , :.' ,., _..,.
' "---p<._iidZcdZ,;_r:.(.L:,.r:u,.
$,e:1]n " _ --
.Ft. ,1 (_.I,_)I.
, ILST H(). llNl,,riO,, Vl:'_,.',,:_.,,',.
l)l MEN"'I0',,',
TOThL DATA
--A ._h-_"-_131eo.) Ft2
P Ialliornl 269u .()q i)I _,,'.'
Span (Theo In. _ ..... ;'":;T:,-_"-
Aspect Ratio 2.7,', ;.,;',.,
Rate of Taper ].I----77 --"i",-_T''.'-....
Taper Ratio u.,;u9 (,..... ,
DihedralAngle,degrees _.%u ....!._,_,
IncidenceAngle,degrees _),.ooo =-,!.,.,_
Aerodynamic Twi st, degrees +,3.ooo __ . ,_
SweepBack An31es, degrees
LeadingEdce _&.5.900=_ _ ._.#_k_,,or._',
TraiIing Edge -IO.2Z___ -i_,.
0.25 ElementLine _.5.?U_ ....... _-,.:.L.,,:
Chords:
Root (Theo)B.P.O.O. 6.R9.21, 2.7G','
Tip, (Theo)B.P. 137.,q=, ',),',:',,L ,|L
• L, _'.K)
Fus,Sta. of .25 MAC _tl_._:,_ ,,.:.
. W.P, of .25 MAC 299.2_) _. i_
B.L. of ,25 MAC , _82._13..... . o._;-_
EXPOSEDDATA
--A re_l_/, o) FtZ 1752.29 O.u2
Span, (Theo) In, BPI08 _,, .. _;.:.:_;:i_ --
Aspect Ratio 2.u_ .'._,5:;
Taper Ratio ,2J,51 - , ?', %!
Chords _ "
RootBPI08 "" 562.k0 o,r_(_
Tip 1.00 b i37_:_"_ _" __O.,s}l._
MAC 393.o_ ]. _',v
Fus. Sta. of .25 MAC l_85._I....... _.'i':,i__
W.P.Q.f .25 MAC 3oo._oi , I:2,L'],._i i
B.L, of .25 MAC 11,3.76 0._',,"___
AirfoilSection(RockwellMod NASA)
. XXXX-64
= 0._,25 .lo
Root __ .....
b = 1.00 I__ ,. Ip_
Data for (I) of (2) Sides
LeadingEdge Cuff o _..__
PlanformArea Ft_ _ ___.._
LeadingEdge IntersectsFus M. L. @ Sta _eo.o " ;_:,u
LeadingEdge IntersectsWing @ Sta 30 ].o35.0 . _, }/-..-
Sheet i0 of i0
TABLE IV (Concluded)
MODEL COMPONENT: T9 - External Tank
G_NERAL DESCRIPTION: 2A Configuration [,(_,rIR(_c'kw,,l] 1_in_,,_,
Body of Revolution
Scale. Modc_l : .004
DRAWING NUMBER:
DIMENSIO,_S: FULL-SCALE MODEL SCALE
Length, in. 1B26.0 7.304
Max. Width(Dia.), in. 324.0 1.296
Max. Depth
Fineness Ratio , L/D 5.73457 5.73457
Area, Ft 2
Max. Cross-Sectional 572.56 0.00916
Planform
Wetted
Base ' 572.56 ....... 0.00916
Ref :
FS (Orbiter) = 0.00 : Tank Station 635.0,1nfs
W? (ET) = WP400 (Orbiter) -344.4 Infs = 55.6 Infs
BP (Orbiter) = 0.00 = 0.00 ET
NOTE: T9 Similar to T8 except retro pkg. removed
Nose of T9 has 30" radius FS
31
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00000001-TS014
..... . -- _. _ __ - _ -%.
I//_. Base Pre..usurc. ,rube,_
/
o,,-" ,
¢
_ i ....
_al Prolected Area
Ac = 0.3167 in.2
Figure6. - Definitionof Base and CavityAreas and PressureTube
Locations.
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